The ratio of disc to macula/disc diameter is characteristically increased in eyes with optic nerve hypoplasia. We present the largest reported series of patients with a definitive diagnosis of optic nerve hypoplasia for whom this ratio has been determined. Ali measurements were made by an independent masked observer. Our Underdevelopment of one or both optic nerves is a common anomaly.' The aetiology is unknown. Optic nerve hypoplasia (ONH) is a diagnosis which should be considered in any person with poor vision for which there is no immediately apparent explanation. Although the small optic disc of ONH is easily detected in severe cases, more subtle forms of the disorder may present more difficulty. The differential diagnosis includes the apparently small optic nerve head of hypermetropia. Subtle forms of the disorder may be difficult to distinguish from normal appearances. Red-free fundus photography can aid in this differentiation by detecting evidence of nerve fibre layer defects which correspond with that of the pattern of visual field loss.2 However, many cases of ONH do not show such focal defects and are manifest solely as a uniformly thin nerve fibre layer within affected areas, which makes the condition more difficult to define than focal defects.3
Underdevelopment of one or both optic nerves is a common anomaly.' The aetiology is unknown. Optic nerve hypoplasia (ONH) is a diagnosis which should be considered in any person with poor vision for which there is no immediately apparent explanation. Although the small optic disc of ONH is easily detected in severe cases, more subtle forms of the disorder may present more difficulty. The differential diagnosis includes the apparently small optic nerve head of hypermetropia. Subtle forms of the disorder may be difficult to distinguish from normal appearances. Red-free fundus photography can aid in this differentiation by detecting evidence of nerve fibre layer defects which correspond with that of the pattern of visual field loss.2 However, many cases of ONH do not show such focal defects and are manifest solely as a uniformly thin nerve fibre layer within affected areas, which makes the condition more difficult to define than focal defects. 3 Franceschetti and Bock4 measured the optic disc diameter by means of focal illumination of the fundus, using contact lens biomicroscopy and a micrometer scale. Estimation of the size of the optic disc by comparing the slit beam width on the Hagg-Streit 900 slit-lamp with the optic disc diameter on contact lens biomicroscopy has also been advocated. 5 These relative measurements are useful in comparing the diameter of the optic disc relative to the slit-lamp beam or the scale, because their magnification when projected on the optic disc is assumed to be the same as the magnification of the optic disc, as the slit beam and microscope optics are parfocal and both pass through the optical system of the eye.
Other methods which have (Fig 1) , except in the two eyes of patient 6. However, this patient had constriction of the visual fields to 50 from fixation, mental retardation, cerebral palsy, and hypothalamic dysfunction.
CONTROL SUBJECTS
Eighteen normal school children from a local school were tested after permission from the health authorities had been sought and consent of the parents had been obtained. All 18 children attended the clinic and together with three adult volunteers underwent visual acuity assessment, retinoscopy, and fundus photography according to the same protocol as the patients. The ages of the normal subjects ranged from 4 to 35 years (median 9, mean 10-47).
FUNDUS PHOTOGRAPHY
All patients and control subjects underwent bilateral fundus photography. One drop of 1% cyclopentolate eyedrops was used to dilate the pupils. Both colour and red-free photographs were taken in order to facilitate identification of the optic disc boundaries and foveal position in (Table 1) . The mean D-M/DD ratio for the two eyes was taken as the datum value for a subject unless only one eye had been assessed, in which case the value for that eye was taken. The rationale for this type of analysis has been described previously. 22 The mean D-M/DD ratio for the normal (Table 1) .
It is of interest that in 12 of 15 patients (80%) in this series, with bilateral ONH and asymmetrical corrected visual acuities, the left eye was the better eye. It is also noteworthy that for 10 out of 12 (83%) of the patients with bilateral ONH for whom the D-M/DD ratio could be determined for both eyes there was more astigmatism in the eye with the smaller D-M/DD ratio (the eye with the relatively larger optic disc) ( Table 2 ). In only one patient was the degree of astigmatism less in the eye with the smaller ratio, and in one patient there was an equal degree of astigmatism of 0 5 dioptre in both eyes. This has been reported in detail elsewhere. 17 Six patients (4, 6, 7, 10, 12, 13) had bilateral asymmetrical ONH with a significant refractive error in the eye which had the smaller D-M/DD ratio. The visual acuities both with and without correction were the same in the eye with the better visual acuity for two of these patients (12 and 13). Visual acuities were improved with correction by more than one Snellen line in only two patients.
As for the two patients with segmental ONH, although the D-M/DD ratios for the affected eyes were significantly higher than for the normal fellow eyes, there was no impairment of visual acuity and no associated refractive error.
Discussion
The D-M/DD ratio is the ratio of the horizontal distance between the centre of the optic disc and the macula to the mean diameter of the optic disc, as evaluated from fundus photographs. This study presents the largest series of patients with ONH in whom this ratio has been measured. The second largest series comprised 19 eyes of 11 patients with ONH. '5 The 95% one-tailed upper population limit of the D-M/DD ratio for the normal group in this study was 2-94. This indicates that in practice a ratio of 3 or more provides reliable supportive evidence for the diagnosis of ONH, and accords with previous reports.'"'6 Awan'4 selected the horizontal meridian only as an index for the disc diameter. Both Awan'4 and Wakakura and Alvarez'5 added half the transverse diameter of the optic disc to the distance between the fovea centralis and the temporal margin of the optic disc in order to calculate the disc-macula distance.
The pupils of only one patient (who was blind; no. 5) did not react to light. This absence of the pupillary light reaction indicates severe involvement of the light sensitive ganglion cells and the 'pupillary' fibres in the optic nerve as well as all the other ganglion cells, as this patient had no light perception in either eye.
The small size of the optic disc must be associated with the visual deficit in these patients. The following findings that indicate that additional factor(s) must contribute to the eventual visual outcome: (1) the visual acuities and the D-M/DD ratios were not significantly correlated in patients with bilateral ONH; (2) 75% of patients with assymmetrical bilateral ONH had a better visual acuity in the eye with the relatively larger D-M/DD ratio. Such factors may include the following.
Macular hypoplasia. In three eyes for which the photographs had been correctly exposed the position of the fovea could not be discerned in any of the fundus photographs, which therefore excluded them from further study. The visual acuities in these three eyes were hand movement in two and counting fingers in one. This suggests a degree of macular hypoplasia in these eyes, which may comprise features other than isolated absence of ganglion cells in the macula and their nerve fibres. Macular hypoplasia has not hitherto been described in association with ONH. However, histopathological study would be required to validate this hypothesis. In the two histopathological reports for patients blind with ONH total absence of the ganglion cells and the nerve fibre layer has been documented in the affected retinae, but no comments were made on macular morphology. 
